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Observation of a Phase Transition at 55 K in Single-Crystal CaCu1.7As2
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(Dated: June 28, 2018)
We present the structural, magnetic, thermal and ab-plane electronic transport properties of sin-
gle crystals of CaCu1.7As2 grown by the self-flux technique that were investigated by powder x-ray
diffraction, magnetic susceptibility χ, isothermal magnetization M , specific heat Cp, and electrical
resistivity ρ measurements as a function of temperature T and magnetic field H . X-ray diffraction
analysis of crushed crystals at room temperature confirm the collapsed tetragonal ThCr2Si2-type
structure with ∼ 15% vacancies on the Cu sites as previously reported, corresponding to the com-
position CaCu1.7As2. The χ(T ) data are diamagnetic, anisotropic and nearly independent of T .
The χ is larger in the ab-plane than along the c-axis, as also observed previously for SrCu2As2 and
for pure and doped BaFe2As2. The Cp(T ) and ρ(T ) data indicate metallic sp-band character. In
contrast to the χ(T ) and Cp(T ) data that do not show any evidence for phase transitions below
300 K, the ρ(T ) data exhibit a sharp decrease on cooling below a temperature Tt = 54–56 K, de-
pending on the crystal. The ρ(T ) data show no hysteresis on warming and cooling through Tt and
the transition thus appears to be second order. The phase transition may arise from spatial ordering
of the vacancies on the Cu sublattice. The Tt is found to be independent of H for H ≤ 8 T. A
positive magnetoresistance is observed below Tt that increases with decreasing T and attains a value
in H = 8.0 T of 8.7% at T = 1.8 K.
PACS numbers: 74.70.Xa, 72.15.Eb, 65.40.Ba, 74.70.Dd
I. INTRODUCTION
The discoveries of high-Tc superconductivity in iron
pnictides and chalcogenides motivated many efforts to
identify the mechanism1–12 and the relationships of these
materials to the high-Tc cuprates.
10–15 In the latter com-
pounds the copper has a Cu+2 3d9 electronic configu-
ration and carries a local magnetic moment with spin
S = 1/2 which is retained even in the superconducting
regime of the phase diagram. Here we are concerned
with the so-called 122-type subclass of the iron arsenide
superconductors with the body-centered tetragonal (bct)
ThCr2Si2 structure with space group I4/mmm. If a 122-
type Cu-arsenide compound having localized S = 1/2
Cu+2 moments could be synthesized, such a compound
would bridge the gap between the iron arsenide and
cuprate families of high-Tc superconductors. With this
in mind, we previously reported the physical properties
of SrCu2As2 and SrCu2Sb2 that instead turned out to
be nonmagnetic sp-band metals,16 consistent with the
theoretical prediction for SrCu2As2 by Singh.
17 His elec-
tronic structure calculations for BaCu2As2 and SrCu2As2
indicated that the Cu 3d bands in these compounds are
narrow and lie about 3 eV below the Fermi energy EF
and therefore the Cu 3d orbitals give very small contribu-
tions to the density of states at EF.
17 From a systematic
study of the interlayerX–X distance dX−X (A = Ca, Sr,
Ba; X = P, As) and the c/a ratio for AM2X2 3d tran-
sition metal M compounds with the ThCr2Si2 structure
we concluded that SrCu2As2 crystallizes in a collapsed
tetragonal (cT) structure.16
Recent activity in the Fe-based superconductor field
has focused on the remarkable physical properties of the
class of A1−xFe2−ySe2 (A = alkali metal) compounds
that are similar to the layered ThCr2Si2-type materials
except with substantial numbers of vacancies on the A
and Fe sublattices that can become spatially ordered.18,19
Depending on the Fe vacancy concentration, supercon-
ductivity at temperatures up to ∼ 30 K and/or large-
moment antiferromagnetism with very high Ne´el tem-
peratures up to ∼ 600 K can be stabilized. Thus, the
influence of transition metal site vacancies on the phys-
ical properties of such 122-type compounds is of great
current interest.
Here we report powder x-ray diffraction, magnetic sus-
ceptibility χ, isothermal magnetization M , specific heat
Cp, and ab-plane electrical resistivity ρ measurements as
a function of temperature T and magnetic field H on sin-
gle crystals of CaCu1.7As2 which was previously reported
by Pilchowski and Mewis to form in the bct ThCr2Si2
structure with a large (∼ 15%) concentration of vacancies
on the Cu site.20 To our knowledge, there are no previous
studies of the physical properties of this compound in-
cluding possible temperature-induced Cu vacancy order-
ing transitions. Like SrCu2As2, we find that CaCu1.7As2
exhibits an anisotropic T -independent diamagnetic be-
havior indicating that the Cu atoms have a nonmagnetic
3d10 Cu+1 electronic configuration. However, the ρ(T )
data for CaCu1.7As2 exhibit a phase transition of un-
known origin at a transition temperature Tt = 54–56 K,
depending on the crystal, as revealed by a sharp well-
defined decrease on cooling below Tt. In view of the
large (∼ 15%) disordered vacancy concentration on the
Cu sites found by Pilchowski and Mewis at room tem-
perature and confirmed by us, this phase transition may
reflect the occurrence of Cu vacancy ordering at Tt. This
possibility could be checked via low-T x-ray and/or neu-
tron diffraction measurements.
2II. EXPERIMENTAL DETAILS
Single crystals of CaCu1.7As2 were grown using pre-
reacted CuAs self-flux starting with the high purity ele-
ments Ca (99.98%), Cu (99.999%) and As (99.99999%)
from Alfa Aesar. Ca and CuAs were taken in a 1:4 molar
ratio and placed in an alumina crucible which was then
sealed inside an evacuated quartz tube. The sample was
heated to 1100 ◦C at a rate of 60 ◦C/h, held there for
12 h and then cooled to 800 ◦C at a rate of 2.5 ◦C/h
at which time the flux was decanted using a centrifuge.
Shiny plate-like crystals of typical size 2.5× 2× 0.3 mm3
were obtained using this procedure. All crystals for which
measurements are reported here were obtained from the
same growth batch.
The structure of the crystals was determined by pow-
der x-ray diffraction (XRD) using Cu Kα radiation on
a Rigaku Geigerflex x-ray diffractometer. The chemical
composition was determined by wavelength dispersive x-
ray spectroscopy (WDS) analysis using a JEOL JXA-
8200 electron probe microanalyzer.
The magnetization M measurements were carried out
using a Quantum Design, Inc. superconducting quantum
interference device-based magnetic properties measure-
ment system in applied magnetic fields H up to 5.5 T. A
crystal was mounted on a 0.5 mm diameter horizontal ro-
tatable high-purity quartz rod that was inserted in holes
in a clear plastic straw attached to the sample hang-down
rod. The sample was attached to the quartz rod using a
small amount of GE 7031 varnish. The contribution to
the measured magnetization due to the quartz rod and
varnish was measured separately and corrected for.
The Cp(T ) and ρ(T,H) measurements were carried out
using a Quantum Design, Inc. physical properties mea-
surement system using the heat capacity and ac transport
options, respectively, at fields up to 8 T. The subscript
“p” in Cp refers to measurements at constant pressure.
The Cp was measured using a relaxation method. The ρ
was measured in the ab-plane using a standard four-probe
ac technique with 25 µm diameter Pt leads attached to
the sample with EPO-TEK P1011 silver epoxy that was
cured in air at 110 ◦C for 1 h. We did not cut the as-
grown rectangular-shaped crystals #1 and #2 that we
used for the resistivity measurements because such cut-
ting can potentially introduce microcracks in the crystals
and/or exfoliation of the Cu1.7As layers. The accuracy of
the measurements due to uncertainties in the geometric
factor is estimated to be ∼ 10%.
III. RESULTS AND DISCUSSION
A. Crystallography
Powder XRD data were collected on crushed
CaCu1.7As2 single crystals at room temperature (RT)
and analyzed by Rietveld refinement using the FullProf
software.21 Figure 1 shows the XRD data and the
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FIG. 1: (Color online) Powder x-ray diffraction pattern of
CaCu1.7As2 recorded at room temperature. The solid line
through the experimental points is the Rietveld refinement
profile calculated for the body-centered tetragonal ThCr2Si2-
type structure (space group I4/mmm). The short vertical
bars mark the fitted Bragg peak positions. The lowermost
curve represents the difference between the experimental and
calculated intensities. The unindexed peaks marked with
stars correspond to peaks from small amounts of flux that
could not be removed from the crystals before crushing them
for the XRD measurements.
TABLE I: Crystallographic and Rietveld refinement parame-
ters obtained from powder XRD data of crushed CaCu1.7As2
crystals. Also included are data from Ref. 20.
Structure ThCr2Si2-type
Space group I4/mmm
Formula units/unit cell Z = 2
Lattice parameters (RT) Ref. 20
a (A˚) 4.1148(2) 4.129(1)
c (A˚) 10.1914(4) 10.251(1)
c/a 2.4768(2) 2.482(2)
Vcell (A˚
3) 172.55(1) 174.8(1)
Refinement quality
χ2 5.63
Rp (%) 2.98
Rwp (%) 4.44
TABLE II: Atomic coordinates obtained from the Rietveld
refinements of powder XRD data of crushed CaCu1.7As2 crys-
tals. Also included are data from Ref. 20.
Atom Wyckoff x y z Fractional Ref.
position occupancy
(%)
Ca 2a 0 0 0 100 This work
Ca 2a 0 0 0 100 20
Cu 4d 0 1/2 1/4 82.5(5) This work
Cu 4d 0 1/2 1/4 87.5(8) 20
As 4e 0 0 0.3779(2) 100 This work
As 4e 0 0 0.3799(2) 100 20
3Rietveld fit profile. The refinement confirmed the single
phase nature of the crystals and the ThCr2Si2-type body-
centered tetragonal structure with space group I4/mmm
found previously by Pilchowski and Mewis from a single-
crystal structure refinement.20 Our crystallographic and
refinement parameters are listed in Tables I and II and
compared with those of Pilchowski and Mewis.20 The lat-
tice parameters a and c and the z-coordinate of the As
atoms zAs that we obtained are in good agreement with
the literature values.20
While refining the XRD powder pattern for
CaCu1.7As2 we noticed that the lattice parameters
and the As c-axis position parameter zAs were insen-
sitive to changes in the thermal parameters B within
the error bars, so we kept B fixed to B ≡ 0. On the
other hand, the refinement quality and the calculated
line intensities were very sensitive to the fractional
occupancy of the 4d sites by Cu. Therefore we allowed
the occupancy of this site by Cu to vary during the
refinement, while the occupancies of the Ca and As
positions were kept fixed at the stoichiometric values of
unity. As shown in Table II, the refined values of the Cu
site occupancy obtained both by us and by Pilchowski
and Mewis show a large vacancy concentration on the
Cu sites of ≈ 15%, corresponding to an approximate
composition of CaCu1.7As2. However, there are no
indications of superstructure reflections in the XRD pat-
terns that would indicate ordering of the Cu vacancies
at room temperature and Pilchowski and Mewis also did
not report such reflections. Thus we assume that the Cu
vacancies are randomly distributed on the Cu sites at
room temperature.
Our WDS analysis at about ten points on the ab plane
of a CaCu1.7As2 crystal gave the average atomic ratios
as Ca :Cu :As = 21.4(2) : 36.5(3) : 42.1(2), corresponding
to the stoichiomentry Ca1.02(2)Cu1.73(2)As2 assuming the
occupancy of the As site to be 100%. This result confirms
complete occupancy of the Ca site and again indicates a
large vacancy concentration on the Cu sites.
For the molar heat capacity, magnetization and mag-
netic susceptibility data presented below, a “mole” is de-
fined as a mole of CaCu1.7As2 formula units (f.u.).
From the crystal data in Tables I and II we obtain the
interlayer As–As distance as dAs−As = (1 − 2zAs)c =
2.49 A˚. This value of dAs−As for CaCu1.7As2 is close
to the covalent (single) bond distance 2.38 A˚ for As.22
Furthermore, the values of c/a and dAs−As fall in the
respective ranges for the collapsed tetragonal structure
compounds shown in Fig. 22 of Ref. 16. This shows that
like SrCu2As2, CaCu1.7As2 also has a cT structure. A
consequence of the formation of the cT structure is an
unusual oxidation state of As−2 ≡ [As–As]−4, which to-
gether with Ca in the Ca+2 oxidation state, indicates that
the Cu in CaCu1.7As2 has an oxidation state of ≈ +1.2.
However, the nonmagnetic nature of this compound de-
duced from our magnetic measurements presented below
in Sec. III C suggests instead a filled Cu 3d shell, a Cu
electronic configuration 3d10, and formal oxidation states
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FIG. 2: (Color online) Heat capacity Cp of a CaCu1.7As2
single crystal as a function of temperature T measured in
zero magnetic field. The red solid curve is the fitted sum
of the contributions from the Debye lattice heat capacity
CVDebye(T ) and predetermined electronic heat capacity γT
according to Eq. (1). Inset: Cp/T versus T
2 for T ≤ 4.5 K.
The straight red line is a fit of the data by Cp/T = γ + βT
2
for 1.8 K ≤ T ≤ 3.5 K.
Cu+1 and As−1.85. The latter value suggests the presence
of hole conduction on the As sublattice.
B. Heat Capacity
Figure 2 shows Cp versus T of a CaCu1.7As2 crystal
from 1.8 to 300 K. No obvious anomaly that might be
associated with the occurrence of a phase transition is
observed over this T range. The value of Cp(300 K) is
≈ 116 J/molK, which is close to the classical Dulong-
Petit prediction of the lattice heat capacity CV = 3nR =
14.1R = 117.2 J/molK at constant volume, where n is
the number of atoms per formula unit (n = 4.7 here) and
R is the molar gas constant.23,24
A conventional linear fit of Cp(T )/T = γ + βT
2 in
the temperature range 1.8 K ≤ T ≤ 3.5 K is shown in
the inset of Fig. 2 and gives the electronic Sommerfeld
specific heat coefficent γ = 2.0(2) mJ/molK2 and the
lattice heat capacity coefficient β = 0.33(2) mJ/molK4.
The density of states at the Fermi energy D(EF) for both
spin directions is estimated from γ using the single-band
relation23 γ = (pi2k2B/3)D(EF), from which we obtain
D(EF) = 0.85(9) states/eV f.u. for both spin directions.
The Debye temperature ΘD is estimated from β using the
relation23 ΘD = (12pi
4nR/5β)1/3, giving ΘD = 303(6) K.
The entire Cp(T ) data set from 1.8 to 300 K was fitted
by
Cp(T ) = γT + nCVDebye(T ), (1)
where γ was fixed to the value γ = 2.0 mJ/molK2 ob-
tained above and the Debye heat capacity CVDebye(T )
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FIG. 3: (Color online) Zero-field-cooled magnetic susceptibil-
ity χ of a CaCu1.7As2 single crystal versus temperature T
in the temperature range 1.8–350 K measured in a magnetic
field H = 3.0 T applied along the c-axis (χc, H ‖ c) and in
the ab-plane (χab, H ⊥ c) (solid symbols). The open sym-
bols represent the intrinsic susceptibility of CaCu1.7As2 after
correcting for the ferromagnetic and paramagnetic impurity
contributions as described in the Appendix. The filled blue
stars represent the intrinsic χ obtained from fitting M(H)
isotherm data by Eq. (A.2) and are more reliable.
describes the heat capacity due to acoustic phonons at
constant volume V and is given by24
CVDebye(T ) = 9R
(
T
ΘD
)3 ∫ ΘD/T
0
x4ex
(ex − 1)2
dx. (2)
The fit is shown as the solid red curve in Fig. 2. In
the fit, we used our analytic Pade´ approximant function
given in Ref. 25 that accurately represents CVDebye(T )
and obtained ΘD = 265(1) K, which is somewhat smaller
than the value ΘD = 303(6) K obtained from fitting the
low-T Cp(T ) data above. The difference between these
two values reflects the T dependence of ΘD.
24,25
C. Magnetization and Magnetic Susceptibility
Figure 3 shows the zero-field-cooled magnetic suscep-
tibility χ ≡ M/H of a CaCu1.7As2 crystal as a function
of T from 1.8 to 350 K for H = 3.0 T applied along the
c-axis (χc, H ‖ c) and in the ab-plane (χab, H ⊥ c).
The χ(T ) data for both directions of H are diamagnetic
and nearly independent of T . The χc is significantly
more negative than χab. The same type of χ anisotropy
was previously observed for SrCu2As2,
16 BaFe2As2,
26
SrFe2As2,
27 and other doped and undoped FeAs-based
compounds.10
Curie-like upturns occur in χ(T ) at low T in Fig. 3
that are likely due at least in part to the presence of
small amounts of saturable paramagnetic (PM) impuri-
ties in the CaCu1.7As2 crystal. Our analysis of M(H)
isotherms in the Appendix allows us to approximately
correct for such contributions. The intrinsic susceptibili-
ties after corrections for paramagnetic and ferromagnetic
(FM) impurity contributions are shown as open symbols
in Fig. 3. The corrected susceptibilities still show small
residual upturns at low T which, in view of the intrinsic
T -independent susceptibilities obtained at eight temper-
atures from analysis of the M(H) isotherms (shown in
Fig. 3 as filled blue stars), are due to inaccuracies in cor-
recting for the impurity contributions to theM/H versus
T data.
The intrinsic χ consists of different contributions given
by
χ = χcore + χVV + χL + χP. (3)
The first three terms are orbital susceptibilities. χcore is
the diamagnetic core susceptibility, χVV is the param-
agnetic Van Vleck susceptibility and χL the diamagnetic
Landau susceptibility of the conduction electrons. The
last term χP is the paramagnetic Pauli spin susceptibil-
ity. The χcore = −1.53×10
−4 cm3/mol is estimated using
the atomic diamagnetic susceptibilities.28 χP is estimated
from χP = µ
2
BD(EF) (Ref. 29), giving χP = 2.7(3) ×
10−5 cm3/mol using D(EF) = 0.85(9) states/eV f.u.
for both spin directions obtained above in Sec. III B.
The χL is obtained from χL = −
1
3
(
me
m∗
)2
χP,
29,30 which
gives χL = −0.9 × 10
−5 cm3/mol assuming that the
effective mass m∗ equals the free electron mass me.
The angle and temperature average of the anisotropic
χ in Fig. 3 over the T range 30 to 350 K is 〈χ〉 =
[2〈χab〉 + 〈χc〉]/3 = −5.3 × 10
−5 cm3/mol. We can
now estimate 〈χVV〉 using the above estimated values of
χcore, χP and χL yielding the powder-averaged 〈χVV〉 =
8.2 × 10−5 cm3/mol from Eq. (3), which is a physi-
cally realistic value. The T -independent anisotropic Van
Vleck contributions are χcVV = 6.3 × 10
−5 cm3/mol and
χabVV = 9.1 × 10
−5 cm3/mol for H ‖ c and H ⊥ c,
respectively.
D. Electrical Resistivity
Figure 4 shows ρ(T ) of CaCu1.7As2 crystal #1 from 1.8
to 300 K in H = 0. The residual resistivity at T = 1.8 K
is ρ0 = 26.7(1)µΩcm and the residual resistivity ratio
is RRR ≡ ρ(300K)/ρ0 ≈ 2.5. The ρ(T ) data exhibit
metallic behavior with an almost linear T dependence of
ρ above 55 K. A sharp decrease is observed in ρ(T ) on
cooling below a transition temperature Tt = 54 K. This
behavior is reproduced without hysteresis upon heating
and cooling through Tt as shown in Fig. 4(b), suggest-
ing a second-order transition. The transition anomaly at
54 K was reproduced in a ρ(T ) measurement on another
crystal #2 for which we found Tt = 56 K, as shown in
Fig. 5. As noted in previous sections, no evidence for
the transition was observed in our χ(T ) measurements,
suggesting that the transition is not magnetic in nature.
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FIG. 4: (Color online) (a) In-plane electrical resistivity ρ of
CaCu1.7As2 single crystal #1 as a function of temperature
T measured in zero magnetic field (open circles) showing a
transition at Tt = 54 K. A fit by the Bloch-Gru¨neisen model
from 57 to 300 K is shown by the solid red curve, and an
extrapolation of the fit to T = 0 is shown as the dashed red
curve. (b) Expanded plot of ρ versus T for heating and cooling
cycles through Tt at T < 100 K.
The transition may be associated with spatial ordering
of the Cu vacancies discussed above.
We also measured ρ(T < 100) K in high magnetic
fields H ≤ 8.0 T as shown in Fig. 6(a). The transition
temperature Tt is found to be independent of H over
this field range. However, a magnetoresistance (MR)
∆ρ/ρ(0) = [ρ(H) − ρ(0)]/ρ(0) is observed at tempera-
tures T < Tt and is plotted versus H for T = 1.8 and
10 K in Fig. 6(b). The MR is positive up to 8.0 T with
MR ≈ 8.7% at 1.8 K and H = 8.0 T. The reason that
measurable MR values are only observed at T < Tt is not
clear.
Our detailed ρ(T,H) measurements on crystal #1 in-
dicate that the transition at Tt = 54 K is not due to
microcracks in the sample because the data on heating
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FIG. 5: In-plane electrical resistivity ρ of CaCu1.7As2 single
crystal #2 versus temperature T in zero magnetic field show-
ing the same shape of transition at Tt = 56 K as seen for
crystal #1 at 54 K in Fig. 4.
and cooling the same sample in Figs. 4 and 6(a) repro-
ducibly show the same sharp transition temperature with
the same shape of the anomaly, and the transition occurs
reproducibly between samples as seen in Fig. 5. Further-
more, we can see no mechanism by which the magnetore-
sistance that is observed only below Tt in Fig. 6 could
arise from microcracks.
The transition in CaCu1.7As2 seen in ρ(T ) at 54–56 K
in Figs. 4 and 5 might potentially be due to an ex-
trinsic phase transition in residual Cu-As flux attached
to the crystals. Three binary phases exist in the Cu-
As binary phase diagram with compositions of approx-
imately Cu3As, Cu5As2 and Cu2As. Previous ρ, χ
and nuclear quadrupole resonance measurements versus
T on these phases31,32 showed no phase transitions at
any temperature near our phase transition temperature
Tt = 54–56 K. Moreover, the SrCu2As2 crystals for which
we reported the properties in Ref. 16 were grown using
the same CuAs self-flux, and these crystals showed no
evidence for a transition at T ≈ 55 K in our ρ(T ) mea-
surements on them. Thus we rule out this extrinsic cause
of the transition we see in CaCu1.7As2 at Tt.
The lack of an obvious heat capacity anomaly at
∼ 55 K in Fig. 2 might be construed as evidence that
the second-order phase transition at Tt = 54–56 K indi-
cated by the resistivity data in Figs. 4–6 is not a bulk
effect. However, an observable change in the heat ca-
pacity is only expected if the temperature derivative
dS/dT of the entropy S changes sufficiently strongly at
Tt. In particular, the heat capacity of a material is
Cp = dQ/dT = T dS/dT , where dQ is the increment of
heat absorbed and dS = dQ/T is the incremental change
in the total entropy of the system. Bulk phase transitions
can occur that involve very little change in the slope of
the entropy versus temperature of the system. For exam-
ple, the bulk second-order antiferromagnetic phase tran-
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FIG. 6: (Color online) (a) In-plane electrical resistivity ρ of
a CaCu1.7As2 single crystal versus temperature T measured
in the indicated magnetic fields H . The ρ(T ) data in this
figure were measured after remounting the leads, resulting in
a slight change in the absolute values of ρ between this figure
and Fig. 4. (b) Magnetoresistance [ρ(H)− ρ(0)]/ρ(0) versus
H at T = 1.8 and 10 K.
sition at the Ne´el temperature TN ∼ 300 K of the layered
cuprate La2CuO4 has not been observed by heat capac-
ity measurements because the change in dS/dT at TN is
too small.33 Thus the lack of an observable heat capacity
anomaly at Tt in Fig. 2 does not rule out a bulk phase
transition at that temperature.
In the Bloch-Gru¨neisen (BG) model, the resistivity
arises from scattering of conduction electrons by longi-
tudinal acoustic lattice vibrations, given by34
ρBG(T ) = 4R(ΘR)
(
T
ΘR
)5 ∫ ΘR/T
0
x5
(ex − 1)(1− e−x)
dx,
(4)
where ΘR is the Debye temperature obtained from fitting
resistivity data. For polyatomic systems the prefactor
R(ΘR) is given by
16,25
R(ΘR) =
h¯
e2
[
pi3(3pi2)1/3h¯2
4n
2/3
cella
∗kBΘR
(
1
M
)
ave
]
(5)
where h¯ is Planck’s constant divided by 2pi, kB is Boltz-
mann’s constant, e is the fundamental electric charge,
ncell is the number of conduction (valence) electrons per
atom, (1/M)ave is the average inverse mass of the atoms
in the compound, and a∗ = [Vcell/nZ]
1/3 is the equivalent
lattice parameter of a primitive cubic unit cell containing
one atom, Z being the number of formula units per unit
cell and n the number of atoms per f.u.
As discussed in Refs. 25 and 34, it is usually not pos-
sible to obtain an accurate fit to ρ(T ) data by the BG
model with the single adjustable parameter ΘR. There-
fore we allowed the prefactor in Eq. (4) to vary inde-
pendently and fitted our in-plane ρ(T > Tt) data for
CaCu1.7As2 in Fig. 4(a) by
ρ(T ) = ρ′0 + ρ(ΘR)f(T/ΘR), (6)
where ρ′0 is the residual resistivity extrapolated from T >
Tt and from Eq. (4) one obtains
16,25
f(y) =
ρBG(T )
ρBG(T = ΘR)
= 4.226 259 y5
∫ 1/y
0
x5
(ex − 1)(1− e−x)
dx,
(7)
where y = T/ΘR and
ρBG(T = ΘR) = 0.9 464 635R(ΘR). (8)
A fit of ρ(T ) data by Eqs. (6) and (7) thus has three
independent adjustable parameters ρ′0, ρ(ΘR) and ΘR.
A good fit of the ρ(T ) data in Fig. 4(a) for 57 K ≤
T ≤ 300 K was obtained, as shown by the solid red
curve in Fig. 4(a) where we used an accurate analytic
Pade´ approximant function of y in place of Eq. (7) as
given in Ref. 25. The parameters obtained from the
fit are ρ′0 = 34.2(1)µΩcm, ρ(ΘR) = 33.7(6)µΩcm and
ΘR = 320(6) K. The R(ΘR) calculated from the value
of ρ(ΘR) using Eq. (8) is R(ΘR) = 35.6µΩcm. In or-
der to compare the resistivity at, e.g. room temperature,
with the value predicted by the BG theory, one needs an
estimate of the conduction carrier concentration ncell in
Eq. (5). Such an estimate is not currently available.
IV. CONCLUSIONS
We have successfully grown single crystals of
CaCu1.7As2 and investigated their crystallographic, mag-
netic, thermal, and electronic transport properties.
Rietveld refinements of powder XRD data for crushed
crystals and WDS chemical analyses of single crystal sur-
faces indicate the presence of ≈ 15% vacancies on the Cu
7TABLE III: Values of parameters obtained from analyses of
heat capacity, magnetic susceptibility and electrical resistivity
measurements of CaCu1.7As2. The notation 〈· · · 〉 denotes a
temperature and/or angular average of the enclosed quantity.
Property Value
Heat Capacity
γ 2.0(2) mJ/molK2
β 0.33(2) mJ/molK4
D(EF) 0.85(9) states/eV f.u. (both spin directions)
ΘD 303(6) K (from low-T )
ΘD 265(1) K (from all T )
Susceptibility
〈χ〉 −5.3× 10−5 cm3/mol
χcore −1.53× 10
−4 cm3/mol
χP 2.7(3) × 10
−5 cm3/mol
χL −0.9× 10
−5 cm3/mol
〈χVV〉 8.2× 10
−5 cm3/mol
χabVV 9.1× 10
−5 cm3/mol
χcVV 6.3× 10
−5 cm3/mol
Resistivity
ρ0 26.7(1) µΩ cm
RRR ≈ 2.5
ρ′0 34.2(1) µΩ cm
ρ(ΘR) 33.7(6) µΩ cm
R(ΘR) 35.6 µΩcm
ΘR 320(6) K
sites, consistent with literature data. No superconductiv-
ity was observed above 1.8 K. Our crystallographic and
refinement parameters are listed in Tables I and II and
a summary of the parameters obtained from our vari-
ous physical property measurements on CaCu1.7As2 is
given in Table III. The χ(T ) data reveal a nearly T -
independent anisotropic diamagnetic behavior, indicat-
ing that the Cu atoms in CaCu1.7As2 are in the Cu
+1 ox-
idation state with a nonmagnetic 3d10 electronic config-
uration, as expected from the collapsed-tetragonal crys-
tal structure of this compound. The formal oxidation
state of the As, which participates in As–As interlayer
bonding, is then As−1.85 which suggests hole conduc-
tion on the As sublattice. The Cp(T ) and ρ(T ) data
reveal metallic behavior. A small density of states at the
Fermi level is found, consistent with CaCu1.7As2 being
an sp-band metal. The overall Cp(T ) and ρ(T > Tt) be-
haviors are well-described by the Debye model and the
Bloch-Gru¨neisen model, respectively. However, the ρ(T )
of CaCu1.7As2 exhibits a transition of unknown origin at
Tt = 54–56 K without any thermal hysteresis, suggesting
that the transition is second order. A significant positive
magnetoresistence develops below this transition temper-
ature. This transition may arise from spatial ordering of
the Cu vacancies on cooling below Tt. High-resolution
x-ray and/or neutron diffraction measurements at low T
could test this hypothesis.
Note Added — After submission of this paper,
Cheng et al.35 reported in this journal the observation
of a transition in “CaCu2As2” single crystals at 50 K
from ρ(T ) measurements. As in the present paper, their
χ(T ) data for this compound showed no evidence of the
transition. These authors did not mention the large con-
centration of vacancies on the Cu sites previously re-
ported in Ref. 20 and confirmed by us. Cheng et al.
noted that the shape of the transition in ρ(T ) is simi-
lar to those observed for CaFe2(As1−xPx)2 (Ref. 36) and
Ca1−xRxFe2As2 (R = lanthanide, Ref. 37) arising from
transitions from tetragonal to collapsed-tetragonal (cT)
structures on cooling below room temperature. However,
as we have discussed herein and previously,16 CaCu1.7As2
as well as SrCu2As2 and BaCu2As2 are already in the cT
phase at room temperature.
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8TABLE IV: Parameters obtained for CaCu1.7As2 from fitting
M(H) isotherms at 1.8 K by Eqs. (A.1) and (A.2), where
θimp ≡ 0 and Simp ≡ 1/2. Here Ms is the saturation mag-
netization of ferromagnetic impurities, χ is the intrinsic sus-
ceptibility, and fimp is the molar fraction of paramagnetic
impurities.
field Ms χ fimp
direction (G cm3/mol) (10−5 cm3/mol) (10−5)
H ⊥ c 0.05(1) −4.27(3) 5.8(1)
H ‖ c 0.00(2) −7.68(7) 7.2(3)
Appendix: Magnetization Isotherms and Analyses
Figure 7 shows M(H) isotherms for a CaCu1.7As2
crystal measured at eight temperatures between 1.8 and
300 K with H applied along the c-axis (Mc, H ‖ c) and
in the ab-plane (Mab, H ⊥ c). The M(H) data ex-
hibit anisotropic diamagnetic behavior with Mab(H) >
Mc(H), consistent with the above χ(T ) data. TheM(H)
isotherms are almost linear in H for T ≥ 50 K. For
T ≤ 20 K the M(H) isotherms exhibit slight nonlin-
earity which we attribute to the presence of saturable
paramagnetic impurities in the sample.
In order to estimate the ferromagnetic impurity contri-
bution we fitted theM(H) data at T ≥ 50 K forH ≥ 2 T
by
M(H) =Ms + χH, (A.1)
where Ms is the FM impurity saturation magnetization
and χ is the susceptibility. Within the error bars T -
independent anisotropic values ofMs forH ‖ c andH ⊥ c
were obtained as listed in Table IV. The Ms values indi-
cate that only a trace amount of ferromagnetic impurities
is present. The Ms value of 0.05 G cm
3/mol corresponds
to the saturation magnetization of 4 molar ppm of Fe
metal impurities. However, since CaCu1.7As2 is a dia-
magnetic compound with a small magnitude of χ, even
such trace amounts of ferromagnetic impurities are ob-
servable in χ and M measurements.
In order to estimate the paramagnetic impurity con-
tribution to M we fitted the M(H) data for each field
direction by
M(T,H) =Ms + χH + fimpMsimpBSimp(x), (A.2)
where χ is the intrinsic susceptibility of the compound,
fimp is the molar fraction of PM impurities, Msimp =
NAgimpµBSimp is the PM impurity saturation magnetiza-
tion, NA is Avogadro’s number, µB is the Bohr magneton,
and gimp and Simp are the spectroscopic splitting factor
(g-factor) and the spin of the impurities, respectively.
Our unconventional definition of the Brillouin function
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FIG. 7: (Color online) Isothermal magnetization M of a
CaCu1.7As2 single crystal as a function of applied magnetic
field H measured at the indicated temperatures for H ap-
plied (a) in the ab-plane (Mab,H ⊥ c) and, (b) along the
c-axis (Mc,H ‖ c). The solid curves are fits by Eq. (A.2) with
0 ≤ H ≤ 5.5 T for H ‖ c and with 1.0 ≤ H ≤ 5.5 T for H ⊥ c.
BSimp is given by
38
BSimp(x) =
1
2Simp
{
(2Simp + 1) coth
[
(2Simp + 1)
x
2
]
− coth
(x
2
)}
, (A.3a)
where
x ≡
gimpµBH
kB(T − θimp)
(A.3b)
and we have included a Weiss temperature θimp in the
argument of BSimp(x) in order to take account of interac-
tions between the paramagnetic impurities in an average
mean-field way. In particular, a Taylor series expansion
9of Eq. (A.3a) for x≪ 1 yields a Curie-Weiss law for the
impurities, i.e., χimp = Cimp/(T − θimp).
In order to reduce the number of fitting parameters we
set the impurity g-factor to the fixed value gimp = 2. The
Mabs and M
c
s saturation magnetization values for H ⊥ c
and H ‖ c, respectively, were set to the values obtained
above from linear fits of the high-field data at H ≥ 2 T at
temperatures T ≥ 50 K. SinceM cs is zero theM(H) data
for H ‖ c were fitted in the whole range 0 ≤ H ≤ 5.5 T.
However, sinceMabs is nonzero theM(H) data for H ⊥ c
were fitted only in the range 1.0 ≤ H ≤ 5.5 T. The Simp
was found to be close to 1/2, so in the final fits we set
Simp = 1/2. Furthermore, we found that allowing θimp
to vary during a fit does not make a significant change
in the quality of fit and also gives θimp close to zero.
Therefore in the final fits we set θimp ≡ 0 for both field
directions. The final fits of the M(H) data in Fig. 7 by
Eq. (A.2) are shown by solid curves in Fig. 7. The fitting
parameters obtained for the 1.8 K M(H) isotherms are
listed in Table IV. The intrinsic χ values obtained are
plotted in Fig. 3 as filled blue stars. These data demon-
strate that the intrinsic χ is independent of T over the
measured temperature range 1.8 K ≤ T ≤ 300 K. We
subtracted the ferromagnetic and paramagnetic impurity
contributions from the measuredM(T ) and obtained the
intrinsic χ which is shown by open symbols in Fig. 3.
The presence of a weak residual upturn in the corrected
χ ≡ M/H versus T data below 25 K indicates that the
paramagnetic impurity contribution has not been com-
pletely accounted for in these measurements.
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